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SUMMARY OF RESULTS

This program supported the analysis of IUE observations of supernovae. One aspect was a
Target-of -Opportunity program to observe bright supernovae which was applied to SN 1993] in M81,
and another was continuing analysis of the IUE data from SN 1987A. Because of its quick response
time, the IUE satellite has continued to provide useful data on the ultraviolet spectra of supernovae.
Even after the launch of the Hubble Space Telescope, which has much more powerful ultraviolet
spectrometers, the TUE has enabled us to obtain early and frequent measurements of ultraviolet
radiation: this information has been folded in with our HST data to create unique observations of
supernova which can be interpreted to give powerful constraints on the physical properties of the
exploding stars. Our chief result in the present grant period was the completion of a detailed re-
analysis of the data on the circumstellar shell of SN 1987A.

The presence of narrow high-temperature mission lines from nitrogen-rich gas close to SN
1987 A has been the principal observational constraint on the evolution of the supernova’s progenitor.
Our new analysis shows that the onset of these lines, their rise to maximum, and their subsequent

fading can be understood in the context of a model for the photoionization of circumstellar matter.
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ABSTRACT

The presence of narrow high-temperature emission lines from nitrogen-rich
gas close to SN 1987A has been the principal observational constraint on the
evolutionary status of the supernova’s progenitor. We present a new analysis
of the complete five-year set of low resolution IUE ultraviolet observations
of SN 1987A (1987.2-1992.3). The fluxes for the N V 11240, N IV] 11486,
He I1A1640, O III} A1665, N IIT} A1751, and C III} A1908 lines were measured
using new techniques which significantly reduce random and systematic errors.
The sudden turn-on of the lines occurs at 83 + 4 days after the explosion, as
defined by N IV]. The N V, N IV], and N III] lines turn on sequentially over
15 to 20 days and show a progression from high to low ionization potential,
implying an ionization gradient in the emitting region. The N III] line reaches
peak luminosity at 399 £ 15 days. The probable role of resonant scattering in
the NV light curve introduces systematic errors that exclude this line from the
analysis of turn-on and maximum times. The light curve morphology is that
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expected from a toroidal geometry. From the times of turn on and maximum
line strength we derive a ring radius of (6.24 + 0.20) x 10'” cm and inclination
of 4120 + 3°9, which correspond to a LMC distance of 48.6 & 2.2kpc. A new
nebular analysis yields improved CNO abundance ratios N/C= 6.1 & 1.1 and
N/O= 1.7 £ 0.5, confirming the nitrogen enrichment found in our previous
paper. The late-time behavior of the light curves, particularly N V, implies

a multi-component density structure of the emitting region. We estimate the
emitting mass around day 400 to be ~ 4.7 x 1072 My, assuming a filling factor of
unity and an electron density of 2.6 x 10* cm™3. The observations are discussed
in the context of current models for the emission and hydrodynamics of the ring.
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